T h e flux t h r o u g h the de novo fatty acid s y n t h e s i s p a t h w a y w a s e s t i m a t e d in lines of m i c e w h i c h differed s u b s t a n t i a l l y in fat c o n t e n t f o l l o w i n g 26 g e n e r a t i o n s of selection a t 10 w e e k s of a g e .
Introduction
T h i s s t u d y utilizes lines of m i c e d i v e r g e n t l y selected for b o d y fat c o n t e n t . T h e s e w e r e p a r t of a l a r g e r selection p r o g r a m m e t o c r e a t e a r e s o u r c e for p h y s i o logical a n d b i o c h e m i c a l a n a l y s e s of t h e b a s i s o f genetic c h a n g e s in t r a i t s of g r o w t h a n d c o m p o s i t i o n ( S h a r p , Hill & R o b e r t s o n , 1984). D e p e n d i n g o n a g e , the F a t a n d L e a n F lines differed t w o -f o l d o r m o r e in fat c o n t e n t at g e n e r a t i o n 26, w h e n this s t u d y w a s c o n d u c t e d ( H a s t i n g s & Hill, 1989, 1 9 9 0 ; I. M .
H a s t i n g s , p e r s o n a l c o m m u n i c a t i o n ) . P r e v i o u s s t u d i e s o n these lines h a v e s h o w n t h a t t h e specific activities o f
enzymes g e n e r a t i n g N A D P H , a n essential c o f a c t o r for lipogenesis, a r e a b o u t t w o -f o l d h i g h e r in t h e F a t t h a n the L e a n lines ( A s a n t e , Hill & Bulfield, 1989) , a n d t h a t the specific activities of e n z y m e s in t h e de novo fatty acid synthesis p a t h w a y a r e 2-t o 3-5-fold higher in the F a t line, p a r t i c u l a r l y in t h e g o n a d a l fat p a d of y o u n g mice ( H a s t i n g s & Hill, 1990 ). U n s e l e c t e d c o n t r o l s were generally i n t e r m e d i a t e b e t w e e n t h e F a t a n d L e a n lines.
T h e s e p r e v i o u s results i n d i c a t e t h a t l i p o g e n i c capacity in the F a t line h a s i n c r e a s e d , p a r t i c u l a r l y in
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t h e fat p a d , b e f o r e 10 w e e k s , t h e a g e a t selection in t h e s e lines. It is n o t k n o w n , h o w e v e r , w h e t h e r this i n c r e a s e in p o t e n t i a l for l i p o g e n i c activity a c t u a l l y r e s u l t s in a n i n c r e a s e in l i p o g e n i c flux in vivo (as m i g h t b e e x p e c t e d ) . T h i s s t u d y w a s t h e r e f o r e u n d e r t a k e n t o d e t e r m i n e t h e flux b y m e a s u r i n g t h e r a t e o f in c o r p o r a t i o n of 3 H f r o m 3 H 2 0 a n d o f 1 4 C f r o m a c e t a t e a n d c i t r a t e . T h i s w a s n e c e s s a r y b e c a u s e significant differences in d e g r a d a t i o n r a t e s a l o n e c o u l d a c c o u n t for t h e o b s e r v e d differences in fat c o n t e n t .
Materials and methods

(i)
Animals D e t a i l s of t h e o r i g i n s of t h e lines (the F lines) a n d t h e selection p r o c e d u r e a r e given e l s e w h e r e ( S h a r p et al. 1 9 8 4 ; H a s t i n g s & Hill, , 1990 . Briefly, t h r e e r e p l i c a t e s o f F a t a n d L e a n lines w e r e selected for 20 g e n e r a t i o n s f r o m t h e s a m e b a s e p o p u l a t i o n u s i n g t h e r a t i o o f g o n a d a l fat p a d w e i g h t ( G F P W ) t o b o d y w e i g h t o f m a l e s a t 10 w e e k s o f a g e as t h e c r i t e r i o n of fatness. T h e 3 F a t replicates w e r e t h e n i n t e r c r o s s e d t o f o r m a n e w F a t line ( F 6 F a t ) , a n d similarly for t h e L e a n s ( F 6 L e a n ) , w i t h o u t r e p l i c a t e s . Selection w a s c o n t i n u e d in F 6 , n o w u s i n g t h e r a t i o o f d r y w e i g h t t o w e t b o d y w e i g h t o f m a l e s a t 14 w e e k s a s a c r i t e r i o n o f o v e r a l l fatness, G F P in t h e L e a n lines h a v i n g b e c o m e very small. C o n t e m p o r a n e o u s u n s e l e c t e d c o n t r o l p o p u l a t i o n s w e r e n o t m a i n t a i n e d for use in t h e p r e s e n t s t u d y . M i c e for t h e p r e s e n t s t u d y w e r e s a m p l e d f r o m g e n e r a t i o n 26 (i.e. six g e n e r a t i o n s after lines w e r e c r o s s e d ) .
(ii) Experimental T h r e e g r o u p s of eight m i c e w e r e s a m p l e d f r o m e a c h of t h e lines a t b o t h 5 a n d 10 w e e k s o f a g e a n d injected i n t r a p e r i t o n e a l l y w i t h 1-5 m C i of 3 H 2 0 o r 5 /id [ U -1 4 C ] a c e t a t e o r 5 /iC\ [ l , 5 -1 4 C ] c i t r a t e , e a c h in 0 1 m l saline ( 0 -9 % w / v ) . T h e m i c e w e r e left in a f u m e c u p b o a r d for 60 m i n after 3 H 2 0 injection a n d 30 m i n after a c e t a t e o r c i t r a t e injections, t h e linearity o f r a d i o l a b e l i n c o r p o r a t i o n f r o m e a c h s u b s t r a t e i n t o liver a n d G F P tissues h a v i n g b e e n c h e c k e d in p r e l i m i n a r y e x p e r i m e n t s . A t t h e s e times after injection, t h e mice w e r e a n a e s t h e t i z e d w i t h d i e t h y l -e t h e r a n d t h e a b d o m i n a l cavity q u i c k l y o p e n e d u p .
T h e h e a r t w a s p u n c t u r e d a n d b l o o d s a m p l e s w e r e collected w i t h syringes rinsed w i t h 5 % h e p a r i n a n d a l i q u o t e d i n t o h e p a r i n i z e d E p p e n d o r f t u b e s . T h e liver a n d G F P w e r e q u i c k l y r e m o v e d , w e i g h e d , frozen in liquid n i t r o g e n a n d s
t o r e d a t -80 °C . T o t a l lipids w e r e e x t r a c t e d a c c o r d i n g t o t h e m e t h o d o f F o l c h , L e e & S l o a n e -S t a n l e y (1957) as f o l l o w s : t h e C h l o r o f o r m p h a s e (5 m l ) c o n t a i n i n g t h e t o t a l lipids w a s carefully p i p e t t e d i n t o m i n i -s c i n t i l l a t i o n vials a n d d r i e d u n d e r air. R a d i o a c t i v i t y in t h e d r i e d t o t a l lipids w a s c o u n t e d in a scintillation c o u n t e r after a d d i t i o n of 0-5 m l m e t h a n o l a n d 4 ml O p t i p h a s e M P . T h e specific r a d i o a c t i v i t y of 3 H in p l a s m a of e a c h m o u s e w a s d e t e r m i n e d b y c o u n t i n g 10 ju\ o f 100-fold d i l u t e d p l a s m a . T h e w e i g h t of w a t e r in 1 0 m l of p o o l e d p l a s m a w a s d e t e r m i n e d for t h e g r o u p receiving 3 H 2 0 a n d this w a s u s e d t o c o n v e r t t h e c o u n t s in d p m for e a c h m o u s e t o fig 3 H p e r g r a m tissue ( R a t h & T h e n e n , 1980). T h i s c o n v e r s i o n a c c o u n t s for i s o t o p e d i l u t i o n a n d e r r o r s in t h e a m o u n t s o f r a d i o a c t i v i t y a d m i n
i s t e r e d p e r m o u s e . P r o t e i n c o n t e n t s ( m g / g ) of t h e liver a n d G F P tissue w e r e d e t e r m i n e d as p r e v i o u s l y d e s c r i b e d ( A s a n t e et al. 1989) . M e a n s for e a c h a g elabel s u b c l a s s w e r e u s e d to c o n v e r t c o u n t s p e r g r a m tissue t o c o u n t s p e r m g p r o t e i n .
(iii)
Statistical D a t a o n c o u n t s w e r e t r a n s f o r m e d t o l o g a r i t h m s to r e d u c e h e t e r o g e n e i t y o f v a r i a n c e a n d n o n -n o r m a l i t y . R e s u l t s given in the t a b l e s a r e o f b a c k t r a n s f o r m e d m e a n s , w i t h s t a n d a r d e r r o r s also o b t a i n e d b y b a c k t r a n s f o r m a t i o n as a linear a p p r o x i m a t i o n . T h e r a t i o s o f m e a n s for F a t a n d L e a n lines w e r e tested for d e p a r t u r e f r o m u n i t y , u s i n g t tests o f t h e difference o f log m e a n s . R e s u l t s w e r e also p o o l e d o v e r a g e s , tissues a n d s u b s t r a t e s , u s i n g t h e log m e a n s w e i g h t e d b y t h e inverse o f t h e i r v a r i a n c e .
Results
T h e m e a n b o d y , liver a n d g o n a d a l fat p a d w e i g h t s a r e s h o w n in T a b l e 1; t h e g r o u p a t 5 w e e k s from t h e F a t line injected w i t h 3 H 2 0 h a d a l o w e r m e a n b o d y w e i g h t t h a n u s u a l for these lines, b u t t h e r e w a s n o i n d i c a t i o n t h a t o t h e r results w e r e u n u s u a l for t h e s e m i c e ( H a s t i n g s & H i l l , 1989). By 10 w e e k s of a g e t h e G F P W of t h e F a t line w a s o v e r six-fold h i g h e r t h a n t h a t of t h e L e a n a n d a s a r a t i o o f b o d y w e i g h t w a s five-fold higher. In t h e liver t h e r a t e o f i n c o r p o r a t i o n o f 3 H a n d l 4 C i n t o t o t a l lipids w a s c o n s i s t e n t l y a b o u t 2 0 % h i g h e r in t h e F a t t h a n t h e L e a n line a t b o t h ages in all t h r e e g r o u p s of mice, a l t h o u g h this w a s n o t significant ( T a b l e 2). I n the g o n a d a l fat p a d t h e differences b e t w e e n lines w e r e m o r e v a r i a b l e t h a n in t h e liver d e p e n d i n g o n t h e t y p e of r a d i o l a b e l e d s u b s t r a t e u s e d ( T a b l e 2). T h e r a t i o o f F a t t o L e a n a n i m a l s in r a t e o f i n c o r p o r a t i o n r a n g e d from 1-2 t o 2-6 a t 5 w e e k s a n d f r o m 1-4 t o 3-4 a t 10 w e e k s . M e a n r a t e s g e n e r a l l y
d r o p p e d f r o m 5 t o 10 w e e k s in t h e G F P , b u t n o t in t h e liver, b o t h w h e n expressed p e r m g p r o t e i n ( T a b l e 2) a n d p e r g r a m tissue ( d a t a n o t s h o w n ) . M e a n r a t i o s o f F a t t o L e a n ( c o m p u t e d f r o m t h e l o g t r a n s f o r m e d d a t a ) sig nificantly e x c e e d e d u n i t y for e a c h s u b s t r a t e . T h e r a t e o f i n c o r p o r a t i o n o f 1 4 C i n t o h e p a t i c t o t a l lipids in b o t h selected lines f r o m a c e t a t e w a s m u c h h i g h e r t h a n f r o m c i t r a t e a t b o t h ages in all lines ( T a b l e 2)
. I n t h e liver t h e r e w a s a n a p p r o x i m a t e l y 12-fold difference a t b o t h a g e s in b o t h lines w h e r e a s in t h e G F P , t h e r a t i o r a n g e d f r o m 30 t o 9 0 , b e i n g h i g h e r in the F a t lines a n d a t t h e y o u n g e r a g e .
Discussion
T w o r e l e v a n t b i o c h e m i c a l i n v e s t i g a t i o n s h a v e p r e viously been u n d e r t a k e n o n t h e s e F lines. F i r s t , t h e
specific activities w e r e d e t e r m i n e d ( p e r m g p r o t e i n ) a t 5 a n d 10 w e e k s o f a g e in t h e liver a n d G F P o f four N A D P H -g e n e r a t i n g e n z y m e s : glucose 6 -p h o s p h a t e d e h y d r o g e n a s e , 6 -p h o s p h o g l u c o n a t e d e h y d r o g e n a s e , m a l i c e n z y m e a n d i s o c i t r a t e d e h y d r o g e n a s e ( A s a n t e et al. 1989). T h e i r activities were in g e n e r a l h i g h e r in t h e F a t lines a n d t h e largest differences w e r e in t h e G F P a t 5 w e e k s o f a g e w h e r e t h e r a t i o o f F a t t o L e a n lines w e r e 1-31, 1-11, 2-25 a n d 1-27, respectively ( T a b l e 3). S e c o n d , specific activities w e r e e s t i m a t e d a t t h e s a m e a g e s f o r six e n z y m e s involved in de novo l i p o g e n e s i s : A T P -c i t r a t e lyase ( A C L ) , acetyl c o e n z y m e A c a r b o x y lase ( A C C ) , fatty acid s y n t h e t a s e ( F A S ) , c y t o p l a s m i c m a l a t e d e h y d r o g e n a s e ( M D H ) , m a l i c e n z y m e ( M E ) a n d p y r u v a t e k i n a s e ( P K ) ( H a s t i n g s & Hill, 1990) ( T a b l e 3). Activities were generally h i g h e r in t h e F a t line a n d a g a i n t h e largest differences o c c u r r e d in t h e G F P a t 5 w e e k s , w h e r e for t h e F 6 lines t h e r a t i o s o f F a t t o L e a n for A C L , A C C , F A S ( t h e t h r e e m a i n e n z y m e s directly involved in t h e de novo s y n t h e s i s p a t h w a y ) a n d M E were 3-53, 2-37, 2-52 a n d 3-51, respectively. T w o o t h e r e n z y m e s n o t directly o r solely i n v o l v e d in lipogenesis, M D H a n d P K , s h o w e d little difference in activity b e t w e e n F a t a n d L e a n lines.
T h e differences in lipogenic a n d N A D P H -g e n e r a t i n g e n z y m e activities i n d 
i c a t e d t h a t t h e F a t lines h a v e a n elevated c a p a c i t y for lipogenesis a n d t h e results o f t h e p r e s e n t s t u d y confirm t h a t lipogenesis in
vivo h a s i n d e e d b e e n a l t e r e d b y d i v e r g e n t s e l e c t i o n for fatness. T h e r e a r e t h r e e c h a r a c t e r i s t i c f e a t u r e s o f t h e p r e s e n t s t u d y t h a t a r e c o m m o n t o t h e s t u d i e s o f A s a n t e et al. (1989) a n d H a s t i n g s & Hill ( 1 9 9 0 ) . F i r s t , t h e m a g n i t u d e o f t h e differences b e t w e e n lines ( r a t i o
of F a t / L e a n ) in l i p o g e n i c r a t e s o r e n z y m e activities w e r e less in liver t h a n in t h e G F P , p e r h a p s b e c a u s e t h e G F P is a relatively m o r e a c t i v e site f o r l i p o g e n e s i s o r p e r h a p s b e c a u s e s e l e c t i o n u p t o g e n e r a t i o n 2 0 w a s p r a c t i s e d directly o n this o r g a n (
a l t h o u g h o t h e r fat d e p o t s a l s o r e s p o n d e d t o s e l e c t i o n ) .
S e c o n d , w h e r e a s a b s o l u t e activities in t h e liver r e m a i n e d largely u n c h a n g e d a c r o s s a g e s , in t h e G F P t h e r e w a s a c o n s i s t e n t d e c l i n e in a b s o l u t e activities f r o m 5 t o 10 w e e k s o f a g e . T h i r d , in all t h r e e s t u d i e s , b e t w e e n -l i n e differences ( r a t i o o f F a t / L e a n ) w e r e g e n e r a l l y a s h i g h o r h i g h e r a t 5 w e e k s a s a t 10 w e e k s of a g e ( t h e a g e w h e n selection w a s p r a c t i s e d ) , t h e o n l y e x c e p t i o n b e i n g t h a t t h e difference in i n c o r p o r a t i o n o f 1 4 C s u b s t r a t e s i n t o G F P w a s l o w e r a t 5 w e e k s ( T a b l e 2). A l t h o u g h t h e F 6 lines u s e d in t h e p r e s e n t s t u d y a r e n o t r e p l i c a t e d , t h e p r e v i o u s a n a l y s flux t h r o u g h t h e lipid s y n t h e s i s p a t h w a y , b u t t h e r e a r e p r o b l e m s i n h e r e n t in t h e t e c h n i q u e s i n v o l v e d . T h e r e c a n b e a h i g h v a r i a n c e b e t w e e n e s t i m a t e s (see f o r e x a m p l e , s t a n d a r d e r r o r s f o r a c e t a t e in G F P in T a b l e 2), a n d t h e c h o i c e o f r a d i o l a b e l l e d s u b s t r a t e s a p p e a r s t o g r e a t l y influence e x p e r i m e n t a l r e s u l t s . I t h a s b e e n a r g u e d t h a t w h e r e a s C ] c i t r a t e h a v e b e e n t r e a t e d a s t h r e e different m e a n s o f l o o k i n g for differences b e t w e e n t h e F a t a n d L e a n lines. T h e e m p h a s i s is o n b e t w e e n -l i n e differences a n d n o a t t e m p t h a s b e e n m a d e t o c o m p a r e d i r e c t l y a b s o l u t e v a l u e s o f 3 H 2 0 (jig/g) a n d [ 1 4 C ] c i t r a t e o r [ 1 4 C ] a c e t a t e ( d p m / g ) . T h e b i g difference b e t w e e n a c e t a t e a n d c i t r a t e m a y b e a f u n c t i o n o f t h e r e l a t i v e efficiencies o f l a b e l l i n g i n t r a c e l l u l a r a c e t a t e a n d c i t r a t e , t h e r e l a t i v e p o o l sizes, t h e n u m b e r o f p a t h w a y s e a c h s u b s t r a t e is s u b j e c t e d t o a s well a s t h e k i n e t i c s o f t h e s y s t e m . T h o u g h t h e differences b e t w e e n a c e t a t e a n d c i t r a t e a r e t h e m s e l v e s i n t e r e s t i n g , t h e a i m o f t h e p r e s e n t s t u d y w a s n o t t o i n v e s t i g a t e t h e s e b i o c h e m i c a l differences, b u t r a t h e r t h e differences b e t w e e n t h e selected lines.
T h e p r e s e n t d a t a i n d i c a t e , h o w e v e r , t h a t t h e F a t a n d L e a n F 6 m i c e differ in l i p o g e n i c r a t e s r e g a r d l e s s o f t h e r a d i o l a b e l l e d s u b s t r a t e u s e d , s o selection for fat c o n t e n t h a s i n d e e d a l t e r e d t h e r a t e o f flux t h r o u g h t h e de novo lipid s y n t h e s i s p a t h w a y . T h i s m a y h a v e b e e n a c h i e v e d t h r o u g h c h a n g e s i n t h e activities o f t h e m a i n e n z y m e s i n v o l v e d in t h e specific de novo lipid s y n t h e s i s p a t h w a y ( H a s t i n g s & Hill, 1990) a n d a n c i l l a r y e n z y m e s t h a t g e n e r a t e N A D P H essential for t h e r e d u c t i o n o f (Asante et al. 1989 ). The general occurrence of similar or larger differences between lines at 5 weeks than 10 weeks of age (the age of selection) suggests that the metabolic events relevant to lipid deposition are being established by 5 weeks of age when the lines differ little in GFPW or total fat. Although the changes in enzyme activities and fluxes in the Fat and Lean lines are consistently in the same direction (Table 3) , the magnitude of the changes are unequal. This raises the question of whether or not the changes in flux can explain the differences in fat deposition between the fat and lean mice. There is evidence that fat accretion in the Fat line increases linearly with age beyond 10 weeks, but tails off in the Lean line by 10 weeks of age (Hastings, 1989 ). Yet fat synthesis rate as determined in the present study, though much reduced in the Lean line by 10 weeks of age, is not negligible. As there is no net increase in fat deposition some amount of degradation must be taking place.
For the Fat line, as fat deposition continues above 14 weeks of age and fat is a terminal product, a small increase in synthetic flux would result in a large increase in fat deposition, provided degradation rates are negligible. The extent of degradation and whether it differs between the Fat and Lean lines is not known.
